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Abstract 
The purpose of this paper is to elucidate the relationship between the spatial dlstribution of 
water and/or gas chemistry of mineral springs and the subsurface geological sltuation in the south-
eastern part of Hyogo Prefecture， Southwest Japan. 
First， the distribution of springs and the spatial water chemistry were investigated. The 
water chemistry can be classified as follows: a) Na-Ca-chloride type waters (Yashiro Town and its 
surroundings); 2) Na-(Ca)ーbicarbonate田chloridetype waters (Inagawa Town and its surroundings); 
and 3) Na-chloride type waters (Arima in Kobe City and Takarazuka City). Thc high chloride 
water in this area has a constant Br/Cl ratio of about 2.0 X 10- 3• The ratio ofHB02/Cl ofmineral 
springs in the Inagawa area (6 x 10-2) is higher than the others (1.6 x 10-2)， with the difference 
probahly attributable to interaction with the host rock. 
Second， the bubble gas constituents accompanying mineral spring water were investigated. 
CO2 type gas is abundant in this area; NγCH4 type gas is found fiowing out only accompanying 
Na-Ca-Cl type water. The content of He might reflect fissure characteristics ~ the low He content 
of bubbles ascending with mineral waters around Inagawa Town， may be explained by the presence 
of many fissures that al10w the easy movement of fluids . 
• 
1. Introduction 
The southeastern part of Hyogo Prefecture abounds in mineral springs. In this 
area， hot springs :flow out in Arima. These hot springs are famous for high temperatures 
(up to 900C)， high salt content (up to 40 gjkg of chloride ion)， and strong radioactivity. 
In view of these characteristics， much research into the ArInla hot springs has been carried 
out. But， heretofore， very few geochemical studies have been undertaken on the other 
lnineral springs in this area. 
There are many key subjects to consider in the geochemical investigation of nlIneral 
springs. Four major points are given as follows (UZUMASA， 1959): mechanism of the 
flow of the spring; relation between the variation of the chemical composition and geo-
logical events such as volcanic eruption and earthquake; determination of minor elements 
for the geochemical prospecting of the hot springs; and analytical studies of the con岨
stituents in the mineral water. 
In this study， we emphasize the relationship between the spatial variation of che-
mical constituents in the mineral waters or bubble gas of the springs and the underground 
geologic situations. Because the basement rocks are well-exposed in this area， these 
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relationship can be readily studied. 
The geological and geochemical studies of the hot spring groups in Arima and Taka-
razuka were undertaken over a period of several years (TSURUMAKI， 1964， MATSUBA Y A 
et al.， 1974， KASAMA et al.， 1978). During this period， most spring waters were collected 
and analyzed once or twice. In this paper， the data on water chemistry for these two 
groups of springs are cited from the previous works. 
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Fig. 1a. Geologic map and sampling localities， the map is simplified from “Geological 
Map of Hyogo Prefecture" by Ikebe， etal. (1961). A: Granite of the Hiroshima 
type， B: Ibaragi granitic complex， C: Arima group， D: Tamba group， E: Kobe 
group， F: Osaka group and Terrace deposits， G: Fault. 
.弘岬LlNG
PaNT 。>80・c
ロ60. ~O.C 
A <32・c
I
Q 
• 
Fig. 1 b. Enlargement of sectIon of Figure 1a， the area of the Arima hot 
springs. Linear lines are the faults. 
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2. Geologic setting 
The study area lies between 134052'-135030'E longitude and 34047'-35007'N latitude， 
in the northern part of the Rokko Mountains.The genard geologic map and sampling 
localities are shown in Fig.la.Fig.1b shows an enlargement of the area around the 
Arima hot springs. Typical rock groups outcropped in this area as fol1ows. 
Tamba grou p (so-called Paleozoic sedimentary rocks): shale， sandstone， and chert 
dominant in this area. 
Granite of the Hiroshima type: southern part of this rock is defined as Rokko granite 
(KASAMA， 1968). 
Ibaragi granitic complex: biotite tich granodiorite (TAINOSHO， 1971)・
Kobe group: mainly composed of Tertiary tuffaceous sedimentary rocks. 
3. Experimental 
Sampling and analysis of waters and gases were carried out twice or more during 
the period from August， 1979 to October， 1980. 
3-1 Water analysis 
Five of seventeen parameters， water temperature， pH， RpH， HC03， and free CO2 
were analyzed in situ. Each of the water samples was taken in two polyethylene bottles， 
one of which was acidified， and were carried to the laboratory， where the remaining twelve 
parameters were analyzed. 
The procedures for the analysis of the water sarnples were lnainly based on“Guide 
Table 1. Analytical methods. 
Constituent 1¥在ethod
Field analysis 
pH，RpH 
HC03"， free CO2 
Laboratory analysis 
Na+， K+， Li+ 
Ca2+， Mg2+ 
Fe2+ 
Cl-
SO~­
Br-
F-
HB02 
Si02 
1) SCHUCKER et al. (1975). 
colorimetric 
asid圃basetitrimetric 
ftamespectrometric 
EDT A compleximetric 
atomic absorption spectrophotometric (in case of low 
concentration) 
colorimetric (0圃phenanthroline method) 
precipitatlon tltnmetnc 
turbidimetric 
redox titrimetric 
colorimetric (SP.ADNS method) 
co，lorimetric (Azomethine H method)l) 
colorimetric (silicomolybdic method) 
、
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to the method of analysis for mineral spring water" supervised by the Natural Conservation 
Bureau of Environmental G，overnment， except for some parameters. Field and labor四
atory methods for analysis are listed in Table 1. 
3-2 Gas analysis 
The bubble gas emanating from a spring was col1ected in a glass sampling tube as 
shown in Fig. 2. In the case of the hot springs in Arima， a large quantity of the gas 
emanated with the hot mineral water， and it was impossible to col1ect using the same 
method. Hence， the gas in an iron casing pipe was taken into a gas sampling tube by 
the water exchange method. 
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Fig. 2. Gas sampling apparatus. 
The gas sample carried to the laboratory was taken into a gas buret， and CO2 was 
determined hy volulnetric method. The residual gas in the buret was analyzed on a 
Yanagimoto Gas chromatograph (GCG-55 type)， utilizing a 4 m stainless steel column 
packed with Molecular Sieve 5A. Argon was used as the carrier gas for the determina-
tion of H2' He， O2， N2， and CH4， and oxygen was used for Ar. 
4. Res'ults and DiscussIon 
• 
Mineral water are distinguishable from potable waters by a number of factors: 1) 
high temperature， 2)high mineral content， 3)pres'ence of gas， and 4) radioactivity. In 
this study， the arnoy:n.t and c∞ompoωS t比悩ionof mitむmIrn1児leralsare c∞onsrder吋 • Our present survey 
covers 70 springs or wells'， among them the waters tinl:at satisfy Dne or more of the t"ollowing 
arbitary criteria are taken for discussion: 
1) chloride - more thal1 2S0 rng!l， 
2) hicarbonate - more than 360' mg/l， 
3) dissolved carbon dioxide - more than 250 mg/'l. 
The values o{ 2) and 3) are used for the de命litionof minerai springs in J apan. The 
waters that oonta~ned ofl¥ly carbon dioxide 'we~e eX!cluded from the discussI!on of water 
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chemistry， but were included in the discussion of gaseous constituents. 
4-11 Water chelnistry 
Analytical results: ln our investigation， temporal variations in the chernistry of spring 
waters were observed at the springs of Loc. 5 and Loc. 15. Both cases were due to the mix-
ing of surface water. The other springs remained almost unchanged from our first 
observation， e~cept for temperature， which changed seasonally. Exatnples of the con-
stancy of the major constituents are shown in Fig. 3. The analytical results are listed 
in Table 2. Most of these results are from our latest sampling. 
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Fig.3.Temporal change of mineral water chemistry，an.example from 
the Ginzan and Shikano springs. 0: chloride ion，ム:bicar-
bonate ion，・:sodium ion， .: calcium ion，口:temperature， 
o 0: G.inzan， 0一一一0:Shikano. 
ー
rriZinear pZots 01 major constituents: One of the most useful graphs for the representation 
and comparison of water chenustry is the trilinear diagram; 22 spring waters are re-
presented in the diagram shown in Fig.4.Here cations and anions，expressed as 
percentage of total in mini-equivalents per liter，plot as a single point on the left and the 
right triangles，respectively.These two points afe then projected into the centr?i dia四
111GIld-shaped area parallel to the upper edges of the central area-Two conspICuous 
domains are depicted in the diamond-aeid:Na-Ca-chloride type and Na-(Ca)-bicarbona-
te-chloride type-The waters of Arima and TaKarazuka occupy the third domain charac-
terized by the Na-chloride type Themonic character of these waters is叫 l…d?y
the mixture of two types of water:chloride type and bicarbonate typepas seenm tbe 
right ternary plots.On comparing the major constituents，four types，I，I，III，and IV， 
of mineral waters are recognized， localized as follows: 
1 : Na-由Ca-
Yaωshiro Town‘ 
11 : Na-(Ca)ーbicarbonateやhloωe)type - eastern part of this area， the surroundings 
of Inagawa Town， 
• 
• 
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Table 2. Chemical constituents in mineral spring water. 
Loc. ，.，. T NName o. 
1 Ginzan 
2 Yuuda 
3 Shionoya 
4 Oharano 
5 Sugio 
6 Kagobo 
7 Hazukawa 
8 Shikkawa 
9 Hirano 
10 Kozuki 
11 Ueno 
12 Shimotsu 
14 Shikano 
15 Okamoto 
16 lehara 
17 Kitano 
18 Ureshino 
19 Gongen 
20 1¥任idoro
21 Kakogawa 
Loc. ，.，. T ~ _ 
No. ム.， u..J. J. J. ""'" 
1 Ginzan 
2 Yuuda 
3 Shionoyu 
4 Oharano 
5 Sugio 
6 Kagobo 
7 Hazukawa 
8 Shikkawa 
9 Hirano 
10 Kozuki 
11 Ueno 
12 Shimotsu 
14 Shikano 
15 Okamoto 
16 lehara 
17 Kitano 
18 Ureshino 
19 Gongen 
20 Midoro 
21 Kakogawa 
Sampling Temp. 
Date (OC) 
81. 9.28 14.7 
81. 9.28 16.0 
81. 9.28 18.0 
81. 7.18 26.1 
81. 7.18 20.5 
81. 7.18 17.0 
81. 7.18 11.4 
80. 1. 8 7.5 
79.11.12 16.0 
79.11. 4 14.3 
79.10.16 18.8 
79. 8. 4 17.3 
81.10. 1 17.3 
81.10. 1 19.9 
79.12.11 12.1 
79. 8. 2 24.0 
79. 8. 2 24.1 
81. 8.25 22.7 
81. 8.25 20.0 
81. 8.25 18.2 
Fe 
mgA 
8.50 
7.80 
6.30 
3.96 
6.90 
23.2 
tr. 
HC03 
mgfl 
2540 
2670 
854 
584 
988 
1100 
342 
pH 
6.2 
6.2 
5.9 
6.1 
5.8 
5.9 
5.8 
5.8 
6.4 
5.9 
6.2 
5.9 
7.6 
8.1 
7.6 
6.6 
7.4 
6.0 
5.9 
5.9 
Cl 
mgfl 
744 
3050 
387 
247 
797 
373 
245 
7.75 
14.1 
9.05 
17.8 
18.2 
0.04 
1.4 
0.24 
9.38 
434 58.7 
16.8 
0.76 
26.4 
2402 1860 
602 8.1 
1570 997 
1810 350 
28.1 1310 
28.1 5870 
56.7 3320 
82.3 26'90 
8仏1 2340 
1320 281 
1070 1030 
1310 2430 
(げ calculatedfrom acidity. 
RpH 
6.6 
6.8 
6.3 
6.3 
6.6 
6.2 
6.7 
7.1 
7.6 
8.0 
7.5 
6.7 
7.6 
8.1 
7.1 
7.6 
6.8 
6.6 
6.5 
F 
mgfl 
3.19 
0.81 
1.72 
1.05 
4.19 
2.77 
0.0 
3.93 
3.12 
0.10 
12.0 
1.90 
2.87 
2.25 
0.71 
0.81 
1.74 
1.6 
2.4 
2.0 
k 
mgfl 
34.2 
99.6 
11.5 
7.88 
34.4 
20.9 
3.04 
7.25 
70.8 
1.36 
39.6 
14.7 
3.00 
8.32 
17.3 
4.5 
4.0 
3.05 
2.63 
9.。
Br 
mgfl 
2.02 
8.46 
0.93 
0.70 
1.11 
1.43 
5.52 
2.87 
13.8 
6.61 
6.45 
4.97 
Na Li 
mgfl mgJl 
1100 4.67 
2380 8.10 
376 0.90 
212 1.49 
725 2.45 
363 1.05 
181 0.64 
115 0.36 
1630 4.8 
12.6 0.04 
788 3.06 
674 2.10 
458 1.43 
1920 5.78 
941 1.87 
640 2.49 
768 2.53 
150 0.52 
387 0.93 
1050 3.50 
S04 
mgfl 
0.0 
25.7 
0.0 
0.0 
0.0 
0.0 
6.6 
tr. 
7.5 
tr. 
3.81 
0.0 
0.6 
0.0 
12.3 
0.0 
7.1 
tr. 
tr. 
tr. 
Si02 
mgfl 
55.4 
63.6 
104 
78.4 
85.0 
87.4 
27.2 
83.2 
138 
41.2 
91.2 
14.7 
12.4 
11.6 
24.6 
14.5 
78.5 
90.0 
92.6 
Ca 
mgJl 
197 
342 
121 
132 
102 
194 
87.6 
126 
272 
181 
298 
136 
340 
1560 
1070 
894 
621 
431 
574 
770 
民Ig
mgfl 
25.6 
69.3 
32.2 
7.34 
23.3 
22.7 
1.09 
12.4 
79.8 
5.59 
24.2 
9.36 
0.10 
1.50 
3.87 
0.0 
0.64 
4.6 
11.1 
43.1 
HB02 f CO2 
mgfl mgfl 
59.0 1090 
123 1060 
12.4 1110 
14.2 682 
37.7 1450 
11.5 1870 
7.00 1700 
6.48 1190 
117 1420 
0.12 1540 
20.6 1980 
17.3 
70.3 
15.0 0.0 
26.0 80.5 
40.0 84.1 
3.43 (460)* 
12.2 (508)* 
29.7 (1140)* 
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Fig.4. Water chemistry represented by a trilinear diagram. 0: Yashiro group， 。:Inagawa group，ム:Kakogawa group，十:Arima-Takarazuka group. 
111 <:" Mixed type of 1 and 11 southwestern part of this area， the surroundings of 
Kakogawa City， this type might be included with type 11， 
IV : Na-chloride type - Arima in Kobe City and Takarazuka City. 
Only one sample could not be classified into these types (Loc.l0)， but it is included in type 
11 because it is located in an area having type 11 water. Hereafter we use the group names 
1 to IV to represent the type of water and the localities of springs: Yashiro， Inagawa， 
Kakogawa， and Arima-Takarazuka group， respectively. 
Mineral waters of groups 11， 111， and IV contain much free CO2・ Amongthem， 
simple carbon dioxide springs are found in Tsukinami (Loc.13) (group 11)， and Jigokudani 
(Loc.26) (group IV). These low salinity waters are excluded from the discussion of 
water chemistry， because they are considered to be derived from rain water or shallow 
subsurface water. 
ChZoride and bicarbonate plots: In order to trace the anionic variation of spring waters， 
the concentration of chloride is plotted against the concentration of bicarbonate as shown 
in Fig. 5. It is presumed that the Arima hot springs derive from a single deep brine 
containing high CO2 admixed with local ground water， and that the presence of high 
temperature saline ¥vater is explained by the effect of a local heat source (TSURUMAKI， 
• 
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Fig. 5. Bicarhonaセeand chloride ion correlation. Notations are the 
same as Fig. 4. 
1964). This model is supported by the hydrogen and oxygen isotop比ratiosof the thermal 
and mineral springs in the Arima area (MATSUBAYA et al.， 1974). Accordi，ng to this model， 
the difference in bicarbonate content ，can be explained by the difference in rate and extent 
of degassing of CO2 from tne original brine. The deeper or colder the carbonate water 
is， the rnore host rock can be dissolved， and the richer the concentration of bicarbonate 
becomes. The spring water of the Inagawa group are in a.greement with the above ex-
planation， but the spring waters of the Yashiro group do not agree because of their rela-
tively high chloride and very low bicarbonate and free ，C02・
Plots 01 bromine and boron against ，chloride: The concentration of Br and B or ratios of Brf 
Cl and sjCl have been commonly used for the investigati:on of thermal and mineral springs. 
These ratios quoted from several papers are surnmerized in Table 3. 
Fig. 6 presented the log...log pI@ts of Br vs. Cl， and shows a clear relationship 
between the two components. Most of the data po仇intsrange from 1.5 x 1ωO 一3 to 2.5 x 1ωO 一寸3• 
This ra日gec∞0imIn1E!cdC 
springs listed in Table 3. 
Table 3. Rauos of brom~ß.e and }DoFon to ehloride contents. 
sample 
Oil-neld water (Japan)l) 
Hot spring of vo~eatrl:ic origin (Japan)l) 
Arima2) 
Takarazuka 3) 
Ishibotoke4) 
Seawater 
1) UZUMASA et al. (1960h). 
2) lSURUMAKI (1994). 
3) KASAMA & TSt;:RUMAKl (1978). 
4) TSURUMAKI et at. (1974). 
Br-/Cl-x 10-3 
2 ~8.0 
0.9-4.0 
1.6 
2.1-2.3 
2.3-2.4 
3.4 
HB02/CI -X 10-2 
1.6-6.0 
1.5 
1.0-2.0 
2.8-4.3 
0.1 
• 
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Fig. 7 shows the log-log p】otsof HB02 vs. Cl， which indicate two par叫lelrelation-
ships: the one has a HB02/Cl ratios of 1.6 x 10-2 and tn.e other 6 x 10-2. The spring 
waters of the Yashiro and Kakogawa groups have the lower value， which is close to the 
Arima帽Takarazukagroup， while the Inagawa group has the higher value. 
The comparison of Br and B content in various rock types is shown i，p Tab'le 4. 
Because bromine is a very scarce element in rocks" the BrjCl ratiQ of spring water rarely 
changes due to the interaction with rocks. 
Table 4. Boron and bromine concentrations in rocks. 
rock type B (ppm) Br-(ppm) 
Granite 121) 1.3'2) 
Granodiorite 151) 
Gabbro 181) 
Plutonic rocks 0.08-0.891) 
Volcanic rocks 0.2 -1.051) 
， Basalt 3.62) 
Shale 50-3001) 
Greywacke 18-371} 62) 
1) HERDER (1974). 
2) KRAUS'KOPF (1967). 
Sedimentary rocks have a higher content of B than do acidic rocks. The high ratio 
of HB'02lC1 observed in the Inagawa group is probably due to the dissolution of B from 
the country rock， the so-called Paleozoi:c sedimentary rocks，. 
Plots 01 LijNa，ratio against KfNa ratio: It was suggestecl that the plots of LiiNa vs. K，fNa 
of natural saline water can be effectivery dis仙19uishbetween two types of the saline 
springs: one type is similar to the oil-field brine， and the other the geotherUlal brine 
(IGH~KUNI et al.， 1974). This suggestion m増加 be thought to be based on the origin 
and behaviour of alkali metals as Li is， pres'ent in relativery hig，h concentrations in the 
chloride spr・ingsof volcanic origin (WHITE， 1957)， the NafK ratios for the solutions in con-
tact with rocks at high temperature are lower than for those at low temperature (ELLIS 
et al.， 1967)， the NafK ratios for cannate waters and oil-fieid brine are high due to the fixa-
tion of K in sedimentary r00k (WHITE， 1963). 
Fig. 8 presents LifNa vs. KfNa plots for the waters in thI!s area. The plots of 
the spring waters in tbe Arima-Takarazuka group are near the domaIJn of geothermal 
water， but the plots of the spring waters in this area scatter parallel to the abscissa yielding 
a low KfNa value. It is possilbl1e to explain this decrease of the KfNa ratio hy the selective 
dissolution of Na or by the s，ellective fixatioo of K， hecause the temperature of these 
waters is les'S than 20oC. If the oonαntratron of N a inthese waters increased by dissolu-
tion， then the rafio KlN a lnY!st d伐 rease. sut this is not observed. It is reasonable to 
suppoS'e that some of the waters in this area are subjected to K fixatiofr1. 
Plots 01 magnesium against calcium: There are a1so clear differences in the MgjC1a ratio 

• 
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Fig. 9. Relationship between magnesium ion and calcium ion. .: Arima 
hot springs (>800C)，・:Arima hot springs (60 -400C)， +: Arima 
minor mineral springs， 0: Yashiro group， 0: Inagawa group，ム:
Kakogawa group. 
， 
companying tnineral springs may be useful for predicting earthquakes (e.g. SUGISAKI 
et al.， 1981， KAWABE et al.， 1981). Gaseous constituents may be able to escape from 
the channels more easily than the dissolved constituents in the water. Therefore， itis 
expected that the gaseous constituents reflect the characteristics of the fissures that allow 
the gas to ascend to the surface. 
Analytical results: The results of chemical analyses of bubble gas are given in Table S. O2 
is presumably originated from air， air contamination is calculated ，and deduced from the 
observed values， and then the ratios of the original gas constituents are recalculated. 
Gaseous constituents are irregular and vary greatly in comparison with the constancy 
of water chemistry. Therefore， typical data are shown in Table 5. 
Major constituents: The major gaseous constituents of bubbles are characterized by CO2， 
CH4， and N2， and the minor one by He. Figure 10 shows the characteristics of the major 
constituents in a triangular diagraln. This indicates that the gases of Inagawa and Arima-
Takarazuka groups are of the CO2 type， which agrees with the high concentration of 
dissolved CO2 in the origil1al water of these springs. Gases of the Yashiro groups are of 
the N2-CH4 type. It can be seen that C'02 type gas is rather abundant in this area. The 
origin of the CO2 isnot clear， but some may be of deep water origin， since volcanic water 
has been found to have high concentrations of N aCI and dissolved CO2 (WHlTE， 1957)， and 
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Table 5. Chemical constituents of bubble gases in hot and mineral springs. 
Loc. Name Col1. Date CO2(%) N2(%) CH4(%) Ar(%) He(ppm) H2(ppm) Temp.(OC) 
Ginzan 81. 1.25 94.6 13.4 86.6 n.d. 190 40 
1 81. 9.28 98.9 24.1 74.2 2.83 66 n.d. 
2 Yuuda 81. 9.28 98.8 94.0 4.72 1.32 47 n.d. 
3 Shionoyu 81. 3. 3 73.8 73.5 26.5 n.d. 330 
3 81. 9.28 86.7 32.6 1.04 183 n.d. 
4 Oharano 80.12.15 92.5 66.3 99.9 n.d. 344 
5 Sugio 81. 4. '9 98.4 90.3 9.65 n.d. 168 87 
5 81. 9.28 99.0 ' 61.0 36.2 2.83 130 n.d. 
6 Kagobo 80.12.15 99.0 40.8 60.4 n.d. 400 
13 Tsukinami 81. 3. 3 84.1 70.1 40.0 n.d. 300 38 
14 Shikano 81. 1.25 72.6 27.2 n.d. 1940 
14 Shikano 81.10. 1 68.5 30.0 1.46 2700 
15 Okamoto 81， 2.27 35.4 64.6 n.d. 310 
15 81.10. 1 41.0 58.8 0.25 880 
22 Tenjin 81. 5.13 94.6 98.2 0.0 n.d. 5500 12700 96.6* 
23 Ariake 81. 5.13 98.2 77.4 17.8 n.d. 2500 45700 84.8* 
23 81.10. 1 98.8 79.6 18.2 2.20 860 n.d. 
24 Tamotoishi 81. 5.13 98.5 75.1 24.7 n.d. 2300 110 60.5* 
25 Kaikan 81. 5.13 98.1 80.3 19.6 n.d. 1230 52.01(; 
26 .T igokudani 81. 1.17 99.5 48.9 51.0 n.d. 550 250 
26 81.10. 1 99.8 51.8 43.4 4.95 550 n.d. 
27 Namaze 81. 5.13 66.2 71.1 28.8 n.d. 1800 
28 .Mikaeriiwa 81. 1.17 98.8 53.9 45.8 n.d. 2820 120 
28 81. 10.1 99.2 43.0 55.7 1.33 2100 n.d. 
The volumetric ratios of N2， CH4， Ar， He， and H2 are those of the residual gases after 
alkali absorption. 
* after TSURUMAKI， 1966. 
Fig. 10. 
CH‘ 
N. 
Major gas constituents represented by a triangular diagram. 
NotationsMe the same as Fig.4. 
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this model is suitable at least for the Arima hot springs. The Namaze mineral spring 
(Loc. 27)， which presumably ascends through the Rokko Fault， recorded the lowest CO2 
value in the Arima-Takarazuka group. Bubble gases from fault zones are characterized 
by high He and CH4 contents and lack of CO2 in Central Japan (SUGISAKI et al.， 1980). As 
compared with the previous observation， a large amount of the gas in this locality may be 
derived from fault activity. This will be discussed later. 
The concentrations of CH4 in the bubble gas taken from Loc. 1， 4， and 15 are higher 
than from the others. Most of the CH4 in these samples may originate from organic 
matter in sediments， because Loc. 1， 4， and 15 are flowing out from shale， alluvial clay， 
and Tertialy sediments， respectively. 
Further， a clear ralationship is observed between the water chemistry and the gaseous 
constltuents: 
1) CO2 type gas accompanies Na-(Ca)-HC03・(Cl)type water， which contains 
much Si02， 
2) N2-CH4 type gas accompanies Na-Ca-Cl type water containing less Si02• This 
is present only in the Yashiro group in this area. 
Minor constituents: As described above， bubble gas is characterized by a high concentration 
of He. Most of the He found in springs has been regarded as radiogenic in origin (SUGI-
SAKI et al.， 1980). Springs Loc. 27， and 28， issuing through granite near the Rokko 
Fault， have higher He contents than the other mineral springs. In the suburbs of Taka-
razuka， atthe eastern foot of Mt. Rokko， there are many cold springs characterized by a 
high content of radon; e.g. Yuzuriha Spring: 19.1 mache， Wilkinson Carbonate Spring: 
50 mache (KASAMA， 1981). It may be said that the high He content of the above two 
springs is derived mainly from radioactivity. Hot springs in Arima (Loc. 22-26) also 
have high He contents. Moreover， the contents increase with temperature as shown in 
Table 5. From the evidence that a high 3Hej4He ratio accompanies the high content of 
CO2 in the Nigorikawa geothermal area， primordal He from the mantle is extensively 
present in CO2-rich gases (NAGAO et al.， 1979). If primordal gas is accompanied by a heat 
source， the He content will be increased with temperature. 
This mechanism alone does not explain the high He contents in the Yashiro group， 
because some springs of the Inagawa group having low He contents also flow out from 
rhyolitic tuf. 
H2 is often observed in bubbles. Especially， anomolous H2 contents are observed 
at Arima hot springs. These springs boil out through a steel casing pipe. It is thought 
that the high H2 flow is attributable to thermal water interaction with the casing pipe. In 
order to test this hypothesis， iron nails were put in to a polypropylene bottle with 1 % 
NaCl solution， the salinity of Arima Spring is rather high than that salinity. ln ~esult ， 
a few thousand ppm of H2 was generated. Moreover， the Tenjin hot spring (Loc. 22)， 
in which the highest temperatures around the Arima area were recorded， does not contain 
CH4， this might be due to the decomposition of CH4 by heat into CO2 and H 2• Such a 
mechanism may further contribute to the increase of H2 content in a hot spring. 
• 
• 
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A high H2 content in soil gas from the fault zone has been observed at the Yamasaki 
Fault (WAKITA et al.， 1980). The generation of H2 was explained by the interaction of 
water and crushed rock. A part of the H~ in bubble gas can also be explained by such a 
phenomenon. We can not believe， however， that fault movement alone generates the 
high H2 content found in bubble gas. 
Fissures and mineral springs: As stated above， a clear difference was observed on the He 
content in bubble gases between the Yashiro group (> 800 ppm) and the Inagawa group 
(<300 ppm). The springs of Arima-Takarazuka， Yashiro， and Kakogawa groups ap-
pear to be arranged in a line， geographically， while those of the Inagawa group are not. 
If there are appreciable vertical and hοrizontal cracks under the ground， He gas flows out 
over a wide area and because of its high diffusibility is diluted by the common gas con-
stituents. In the area of the Inagawa group， the presence of the Inagawa F ault along the 
Ina River was presumed bj the distribution of microearthquakes and wel1 waters rich in 
diss01ved carbon dioxide (KOYAMA et al.， 1979). Actually， there are few epicenters in 
the western part of the Inagawa Fault in contrast with the concentration of epicenters in 
the eastern part (Fig. 11). These facts are worthy of special attention. In contradic-
tion to the other area， there may be many fissures along the Inagawa Fault and western 
part of the Fault， allowing easy movement of fluids in the area where the Inagawa group 
， 
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springs flow out. 
5. Conclusion 
Two general features of the water chemistry of springs in the southwestern part of 
Hyogo Prefecture may be significant. First， chloride concentration is generally high 
except for the central area of this study where the Tertiary sediments of the Kobe group 
cover the basement rocks. Second， high chloride waters have a regular BrjCl ratio and 
high LijNa ratio. 1n spite of the variations of country rocks and bicarbonate contents， 
the spring waters have characteristics common to al1. 
The spatial distribution of water chemistry and gaseous constituents have certain 
relationships; a) Na-Ca-chloride type water is accompanied by N2・CH4type gas， and is 
located in the western part of this study area， b)Na-(Ca)-bicarbonate-chloride type water 
is accompanied by CO2 type gas， and is located in the eastern part of this study area， c)
Na-chloride type water is accompanied by CO2 gas， and is located in the southeastern part 
of this study area. The distribution of springs and the He content of bubble gas may be 
related to subsurface structures. 
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